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1.   Introduction

1.1 The Environment Division’s position concerning the record attempt

The Environment Division would, in all cases, strongly advise against any addition of chemical or waste products, or any large-scale disturbance, to the St Aubin’s Bay area. However, the Division recognises the social context and benefits of the firework world record attempt, as well as, the traditional nature of displays to mark the finale of the Battle of Flowers. 

Whilst the Environment Division does not support any potential risk to the environment, it has sought to provide a balanced perspective and to identify and quantify these risks and, more importantly, practical means by which they can be minimised. 

The Division considers that the main potential risk to the environment will be through the physical setting and clearing-up of the firework area, rather than by the fireworks themselves. To this end, comprehensive guidelines to safeguard the bay area have been forwarded and discussed with Mr McDonald.  Adherence to these will be closely monitored and assessed by the relevant Environment Officers. 

Any significant harm to the aquatic environment or damage to the amenity value of the bay caused by the record attempt will be investigated as a pollution incident under the Water Pollution (Jersey) Law, 2000.

1.2   Background information
The paper assesses the likely risk of pollution to controlled waters and, where possible, the toxicity to the aquatic ecosystem resulting from the world-record attempt to launch the highest number of firework rockets at one time. 

The record attempt will take place within the inter-tidal zone of St Aubin’s Bay, and is scheduled during the Jersey Battle of Flowers Moonlight Parade, Friday 10 August 2007 at approximately 22.30hrs. The event is organised by Mr Terry McDonald.  
A total of 111,000 rockets are planned to be fired simultaneously. These comprise, in equal numbers, of white, red and ‘crackle’ rockets. The estimated height that each rocket will reach is 40-60m. The rocket launch will last for approximately fifteen seconds. 

The paper is based on information forwarded to date to the Environment Division by Mr McDonald. This includes Parts 1 and 2 of the Risk Assessment and a chemical breakdown of the rocket types to be used.

The record attempt has received some negative public comment regarding the potential impact on the marine ecosystem within St Aubin’s Bay.

2.  Impact of the rocket launch on the marine ecosystem
2.1 Chemical composition of the rockets (pre-combustion) and concentration of chemicals
The composition, by weight, of the chemicals used in the record attempt was requested by, and has been forwarded to, the Environment Division. The weight per rocket has been raised to the total number of rockets (Table 1). 

Table 1.  Total weights (kg) and concentration (mg l-1) in St Aubin’s Bay of chemicals for the pre-ignited rockets used in the record attempt
	
	
	Weight (Kg)
	Total
	Concentration
	LD50 RAT

	Chemical
	Formula
	Red*

	White
	Crackle
	Weight

(Kg)
	at high water
 
(mg l-1)
	 (mg kg-1)

	Potassium nitrate
	KNO3
	207 
	207 
	317 
	732 
	0.0058 
	LD50 3,750 mg kg-1

	Potassium perchlorate
	KClO3 


	127 
	122 
	44 
	294 
	0.0023 
	n/a

	Carbon
	C
	72 
	72 
	114 
	258 
	0.0020 
	-

	Aluminium & magnesium alloy
	Al + Mg
	52 
	60 
	32 
	144 
	0.0011 
	LD50 >2000 mg kg-1

	Aluminium 
	Al
	19 
	96 
	19 
	133 
	0.0011 
	n/a

	Sulphur
	S
	17 
	17 
	33 
	67 
	0.0005 
	LD50 8 mg kg-1

	Strontium carbonate
	SrCO3
	52 
	-
	-
	52 
	0.0004 
	5 mg/m3 nuisance dust

	Resinox (phenolic resin)
	C48H42O7
	16 
	18 
	-
	34 
	0.0003 
	n/a

	Copper oxide
	CuO
	-
	-
	32 
	32 
	0.0003 
	LD50 278 mg kg-1
LD50 fish 0.17 mg l-1

	Polyvinyl chloride
	(C2H3CL)n
	18 
	-
	-
	18 
	0.0001 
	n/a

	Lac
	C16H24O5
	13 
	-
	-
	13 
	0.0001 
	n/a

	Total
	
	592 
	592 
	592 
	1,776 
	0.0140 


	


where: LD50 is the amount of a material, given orally all at once, which causes the death of 50% of a group of test rats. 

n/a; data on LD50 not established.
The total weight of chemicals of the 111,000 pre-ignited rockets is approximately 1.8 tonne
. If this total quantity fell into St Aubin’s Bay and was evenly diluted within the bay (through tidal and wave mixing) then the concentration at high water would be 0.014 mg per litre sea water (Table 1). Where data is available, values for constituent chemicals are lower than the LD50 values (where one litre of sea water is 1.03 Kg).
This figure represents a maximum concentration, given that the high-temperature combustion of the rockets will convert much of the initial weight into air-born gases. 

For example, slightly more than one tonne (58% of the total weight) of the chemicals comprise of potassium nitrate and potassium perchlorate (constituents of gunpowder) which are used to propel the rocket. The majority of these two chemicals will be converted into a gaseous state during firing and will therefore not all directly enter St Aubin’s Bay. 

However, many of the resulting chemicals will, in the first instance, be deposited within a more limited ‘fall-out’ area defined by the angle and height of rocket firing and the wind strength and direction. Therefore, the initial concentration of chemical by-products within this more limited area will be greater. 

This is particularly relevant for the insoluble metal oxides and sulphates produced during combustion. Being insoluble they will not easily be dispersed away from the fall-out area. The soluble products (chlorides, nitrates and perchlorates etc.) will, however, be more easily dispersed.
2.2   Uses, human health risks and toxicity of the chemicals in the pre-ignited rockets 

Table 2 shows that most of the pre-combusted chemicals used in the record attempt are soluble and, in their raw state, of a low health risk (apart from copper oxide). However, of more importance are the chemicals, and their solubility and toxicity resulting from high temperature combustion. 

Table 2   Uses, health risks and toxicity of chemicals used in the firework display (pre-combustion state) 

	Chemical
	Uses
	Human health risk
	 Toxicity

	Potassium nitrate
	Gunpowder (saltpetre)
	Irritation to skin (itching), eyes and respiratory tract (coughing, shortness of breath).
	Combustion over 400ºC causes decomposition, forming toxic nitrogen dioxide and oxygen

	Potassium perchlorate
	Gunpowder, has replaced unstable potassium chlorate
	Irritation to skin, eyes  and lungs.
	Heating to decomposition releases toxic fumes such as potassium oxide. Highly soluble, easily dispersed (Schneider, 2001).

	Carbon
	Naturally occurring
	-
	Low, will form CO2 on combustion.

	Aluminium and magnesium alloy
	Naturally occurring material
	Medication to relieve heartburn, sore stomach, or acid indigestion. Irritant mucus membranes in large does.
	Low

	Aluminium 
	Light weight construction. Most abundant metal on earth.
	No studies have found a correlation between aluminium oxide and neurological effect. Irritant to mucus membranes, contact dermatitis. 
	Highly insoluble as a solid. Flammable in powder form.

	Sulphur
	Manufacture of acids, bleaching. Naturally occurring chemical.
	Sulphur required by the body. Sulphuric substances may affect behaviour and circulation.
	Sulphur non toxic. By-product sulphuric substances are toxic.

	Strontium carbonate
	Manufacture of TV-tube glass, ceramic ferrites. Provides red colour in the rockets.

 
	Irritation to skin, eyes, and respiratory tract if inhaled at 10 mg m-3.
	Slightly soluble in water, low health risk

	Resinox (phenolic resin)
	Reaction of phenols with simple aldehydes and used to make molded products (e.g. snooker balls, and as coatings and adhesives.
	-
	-

	Copper oxide
	Fungicides, seed dressings, boat anti-fouling paint.
	Headache cough sweating nausea and fever may be caused by freshly formed fumes or dust of copper oxide. 
	Toxic to aquatic organisms. 

	Polyvinyl chloride
	One of the most widely used plastics. Found in products such as packaging, cling film, bottles and materials such as window frames, cables, pipes, flooring, wallpaper and window blinds.
	May cause cancer and birth defects
	Low toxicity. Liberate toxic dioxins on ignition in fireworks. Molecular weight too high to be available to most organisms. 

	Lac
	Varnishes, French polish (shellac)
	Complex natural substance. Derived from tree resin. 
	Low


2.3   Human health risks and toxicity of the chemicals resulting from combustion of the rockets
The wide range of chemicals available, the intense heat of pyrotechnic flames, and the almost infinite number of ways in which they can be combined makes a detailed breakdown of combustion products difficult (von Oertzen, 2001). 
For example, the combustion of the three elements of gunpowder (potassium nitrate, carbon and sulphur) results in the production of potassium carbonate, potassium sulphate, hydrogen sulphide and eight other chemical products. These chemicals are further enhanced by the use of perchlorate, the oxidisation of metals, metal salts, and binders that are used for colour or sound effects in the firework displays. 

However, the record attempt consists only of white, red and crackle rockets. Apart from the constituents of gunpowder (potassium nitrate, potassium perchlorate, carbon and sulphur) and binders (resinox and lac), only strontium carbonate, aluminium and magnesium alloys and copper oxide are used for colours and sound. 

This potential mix of chemicals is, therefore, likely to be less than a normal firework display that contains a multitude of colours and sound effects. For example, lead and barium and the blue coloured rockets (that give off high proportions of dioxins) are not being used in the record attempt.  

It remains however that given the high temperature reaction that, potentially, a large array of chemical products will be formed during the record attempt. It is extremely difficult to quantify the type and quantities of the compounds that will be produced, on which an assessment to the risk of environmental pollution or toxicity can be made. 

Literature further provides little information. Environmental papers generally report products of combustion as metal oxides, nitrates, chlorides, sulphates and carbonates etc. and do not give details of individual products (von Oertzen, 2001). 
Given that specific information on potential pollutants of the record attempt is limited, a wider assessment of environmental impact has been made. Many of the chemicals that are deposited on the beach will be water soluble (perchlorates, hydrogen sulphate, chlorides etc.). The display is to take place approximately 3.5 hours before the beach is submerged by the rising tide and four days before the spring tides (10.82m springs). The tidal currents will help maximise the dilution of the soluble chemicals and mixing of the insoluble elements.  

The insoluble chemicals include most of the metal oxides and sulphates produced from combustion of the rockets (including aluminium, magnesium and copper oxides).  The fact that they are insoluble means that they are difficult to incorporate into the food chain (apart from direct ingestion by bottom feeding fish or wading birds). These will probably persist longer in the bay, although wave and tidal action will help to disperse these in the longer-term.

The concentration of these insoluble products is expected to be much lower than the soil guideline values (SGVs) that have been developed for the UK and the Dutch Intervention Guidance for groundwater. It is recognised that these values only cover a few of the chemicals produced from combusted fireworks. However, taking copper as an example, if all the copper fell in its raw state within the confines of the fall-out area then a concentration of 5.5 mg kg-1 sand would be expected.
 This is below the Dutch Intervention Guideline of 75 mg kg-1 and the LD50 Rat of 470 mg kg-1.      

Given the lack of knowledge concerning the chemicals produced, an indication of the effects of firework displays on the environment can be gained from case examples. A 10-year study of an estimated 2,000 firework displays over water at Walt Disney’s EPCOT centre in Florida (Debusk et al. 1992) found little effect on the aquatic ecosystem. The study concluded that minimal risk to the environment would be caused by infrequent firework displays.
3.   Summary and Conclusion
1. The large number of firework fired during the record attempt and their resultant combustion products contain toxic and environmentally damaging chemicals. 
2. Many of the products will be soluble and become highly diluted and removed from the open bay area. Insoluble chemicals will not easily be absorbed into the marine food chain and the limited analysis able to be undertaken indicates that the initial concentration will be below risk levels. 

3. A case study shows that single one-off firework events are unlikely to result in large-scale damage to the environment. Particularly, for an ecosystem which is open and subject to regular wind and tide mixing.
4. It is considered that the greatest potential risk to the environment will be caused by the physical setting and clearing-up of the launch area (damage from vehicle and foot traffic, raking sand etc). The Environment Division has written a detailed paper to Mr McDonald that gives comprehensive guidelines on how the risks to the Bay’s environment can be minimised. 

5. The test firing, rocket launch and beach clean up will be closely monitored by the Environment Division with ongoing advice given.

6. Any significant harm to the aquatic environment or damage to the amenity value of the bay that is caused by the record attempt will be investigated as a pollution incident under the Water Pollution (Jersey) Law, 2000.
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� Based on information to date, Part 1 & 2, Risk Assessment and chemical breakdown of rockets forwarded by Mr T. McDonald


� where 37,000 rockets of each type will be fired


� includes St Aubin’s Bay area taken inside the line between Noirmont and south end of Elizabeth Castle breakwater. High water taken on 10-08-07


� where total weight of the pre-ignited fireworks (inc. sticks, cardboard etc) is 5.7 tonne.  


� Given area of fall-out 100x200m square, 15cm mixing of sand.
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